[Title of the Invention] RESIST COMPOSITION AND RESIST PATTERN 
FORMATION METHOD 
[Abstract] 

[Object] The present invention is intended to provide a resist 
composition capable of forming a fine resist pattern with 
practical sensitivity and no swelling without being influenced 
by environmental variations during the resist process. 
[Structure] The resist composition of the present invention 
includes: (a) a polymer mixture which is composed of a phenolic 
resin and a (meth) acrylate polymer, dissolves in a 2.38% TMAH 
aqueous solution at a rate of 100 to 2000 A/second, and is soluble 
in a basic aqueous solution; and (b) a dissolution inhibitor 
compound . 
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[Scope of Claims] 

[claim 1] A resist composition which can be developed with a 
basic aqueous solution, the resin composition comprising: 

(a) a polymer mixture which is composed of a film- forming 
resin having a phenolic skeleton and a (meth) acrylate polymer, 
dissolves in a 2.38% TMAH aqueous solution at a rate of 100 to 
2000 A/second, and is sellable in a basic aqueous solution; and 

(b) a dissolution inhibitor compound which is added to 
the polymer mixture to render a resultant resist composition 
insoluble in the basic aqueous solution, and is decomposed 
through absorption of image- forming radiation applied to the 
composition to render the composition soluble in the basic 
aqueous solution. 

[claim 2] The resist composition according to Claim 1, wherein 
at least one of the repeating xmits composing the me ta (acrylate) 
polymer has an ester group containing aplurality of or polycyclic 
alicyclic hydrocarbon moieties. 

[claim 3] The resist composition according to Claim 2, wherein 
the alicyclic hydrocarbon moiety is an adamantyl group and/or 
a norbornyl group. 

[claim 4] The resist composition according to any one of Claims 
1 to 3, wherein a film of the resist composition formed on a 
quartz substrate in a thickness of 1 jam has a transmittance of 
3 0% or more at the wavelength of the deep ultraviolet exposure 
light source (200 to 3 00 nm) . 

[claim 5] The resist composition according to any one of Claims 
1 to 4 , which is in the form of a solution in a solvent selected 
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from the group consisting of ethyl lactate, methyl amyl ketone, 
methyl - 3 -methoxypropionat e , ethyl - 3 - e thoxypropionat e , 
propylene glycol methyl ether acetate, and mixtures thereof, 
[claim 6] The resist composition according to Claim 5, which 
further comprises a co- solvent selected from the group consisting 
of butyl acetate, y-butyrolactone, propylene glycol methyl ether, 
and mixtures thereof . 

[claim 7] A method for forming a resist pattern, comprising 
steps of: 

applying the resist composition according to Claim 1 to 
a sxibstrate to be processed; 

selectively exposing the formed resist film to the 
image- forming radiation which is capable of inducing 
decompositionof the dissolution inhibitor compound in the resist 
composition; 

and developing the exposed resist film with a basic aqueous 
solution. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Applicability] The present invention relates to 
a resist composition, and specifically to a resist composition 
which allows the use of short wavelength light such as excimer 
laser beams as the image-forming radiation, and can be developed 
with a basic aqueous solution after exposure. The present 
invention also relates to a method for forming a positive resist 
pattern using the resist composition. The resist composition 
of the present invention is different from known chemically 
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amplified resists in the reaction mechanism, and can be defined 

as a "non- chemically amplified resist". 

[0002] 

[Prior Art] The recent trend toward higher integration of 
semiconductor integrated circuits and the practical use of LSIs 
and VLSIs are leading to wiring patterns with minimum line widths 
on the subhalf micron level . This necessitates the 
establishment of microworking techniques, and in the field of 
lithography the demand has largely been met by shifting the 
ultraviolet wavelengths of light exposure sources to shorter 
wavelengths in the far ultraviolet range, and by developing light 
exposure devices employing light sources having wavelengths in 
the deep ultraviolet range . At the same time, rapid development 
of resist materials which exhibit lower light absorption of the 
shorter wavelengths, have satisfactory sensitivity, and exhibit 
high dry etching resistance is required. 

[0003] At present, as a new light exposure technique for the 
manufacture of semiconductor devices, photolithography 
employing krypton fluoride excimer lasers (wavelength: 248 nm, 
hereinafter abbreviated as KrF) is eagerly studied, and it is 
thus urgently required to develop a resist which provides 
satisfactory sensitivity and resolution in the short wavelengths , 
and has stability. H. Ito et al . of IBM, U.S.A. have already 
developed resist compositions based on the concept of "chemical 
amplification", as resists with high sensitivity and high 
resolution which are adaptable to such short wavelength light 
sources (see, for example, J. M, J. Frechet et al . , Proc . 



4 



Microcircuit Eng. , 260 (1982) , H. Ito et al . , Digest of Technical 
Papers of 1982 Symposium on VLSI Technology, 86 (1983), H. Ito 
et al., "Polymers in Electronics", ACS Symposixam Series 242, 
T. Davidson ed. , ACS, 11 (1984), and U.S. Pat. No. 4,491,628). 
As is readilyunderstoodf rom these piiblicat ions, the fundamental 
concept of the above-described resist compositions is based on 
higher sensitivity through an improved apparent quantum yield 
achieved by a catalytic reaction in the resist film. 

[0004] Taking as an example a very widely studied chemically 
amplified resist which includes t-butoxycarbonyl 
polyvinylphenol (t-BOCPVP) and a photoacid generator (PAG) , 
which generates an acid upon exposure to light, when the exposed 
areas of the resist are sutbjected to so-called "post exposure 
baking (PEB) " , t-BOC groups are detached to generate isobutene 
and carbon dioxide . The proton acid produced upon the detachment 
of t-BOC serves as a catalyst to promote the deprotection chain 
reaction, which greatly alters the polarity of the exposed areas . 
With the resist of this type, through the appropriate selection 
of a developing solution adaptable to the large change in the 
polarity of the exposed areas , a resist pattern is readily formed . 

[0005] However, a chemically amplified resist using a photoacid 
generator employs acid catalyst reaction as described above, 
so that great decrease of the sensitivity, variation of the 
pattern dimension, and variation of the pattern profile 

(so-called "T-top" profile) , and other problems occur even if 
a trace amount of basic substances present in the atmosphere 
in the clean room in which the resist process is conducted. In 
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addition, the resist process is based on catalytic chain reaction, 
so that it is siibstantially susceptible to the environmental 
variations . 

[0006] Also widely known are resist compositions composed of 
an alkali-soluble novolac resin as the substrate resin, and a 
hydrophobic naphthoquinone diazido- substituted compound, which 
is called PAC (photoactive compoxind) , as the dissolution 
inhibitor (for example, seeU. S . Patent Nos . 3, 666, 4 73, 4, 115, 128, 
and 4,173,470, and L. F. Thompson, Introduction to 
Microlithography, ACS, No. 219, 112 to 121) . These resist 
compositions are applicable to a wide range of processes by 
appropriately changing, for example, the structure and degree 
of esterif ication of the naphthoquinone diazido-siibstituted 
compound added as the dissolution inhibitor, or the molecular 
weight and molecular weight distribution of the substrate resin, 
so that the compositions are widely used as positive photoresists 
for photolithography using as ultraviolet light g-line or i-line 
as the exposure light source. 

[0007] The reaction mechanism of the above-described resist 
compositions is based on that the hydrophobic naphthoquinone 
diazido-substituted compound (PAC) causes photochemical 
reaction, which is known as Wolff rearrangement, upon exposure 
to ultraviolet light , and turns to indenecarboxylic acid solxible 
in a basic aqueous solution. Therefore, in addition to the 
solubility of the substrate resin in a basic aqueous solution, 
the exposed areas also have soliibility in a basic aqueous solution, 
whereby a positive resist pattern is formed after development. 
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The resist of this type is not based on catalytic chain reaction, 
and therefore is less affected by the environmental variations 
during the process and more stable than the chemically amplified 
resist . In order to inhibit the dissolution of a novolac resin, 
usually about 15 to 25 parts by weight of PAC must be added to 
the resin, which does not much matter as long as the exposure 
light source is ultraviolet light having a relatively long 
wavelength, such as g-line or i-line . However, if the exposure 
light source is changed to ultraviolet light having a shorter 
wavelength, such as KrF excimer laser beams, the light will not 
penetrate sufficiently to the bottom of the resist film of the 
above-described resist composition because of the low 
transparency of the resin and large absorption by the PAC, which 
greatly hinders the formation of a rectangular resist pattern. 
[0008] Furthermore, in order to solve the problems with the 
known chemically amplified resist, three -component chemically 
amplified resists are reported. Examples thereof include a 
three -component chemically amplified resist composed of 
polyvinyl phenol (PVP) , which is a phenolic resin, a 
naphthoquinone diadide-based compound (as the photoacid 
generator) , and a t-butoxycarbonyl methylated PVP resin (as the 
dissolution inhibitor) (see R. Hayase et al . , J. Photopolym. 
Sci. Technol., 6 (4), 495 (1993)), and a three - component 
chemically amplified resist composed of a phenolic resin such 
as a novolac resin, a methacrylate three -component copolymer 
(as the dissolution inhibitor) , andtriphenyl sulfoniiimtrif late 
(as the photoacid generator) (seeR. D. Allen etal,, Proc, SPIE, 
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1925, 246 (1993)). However, these resists still have 
instabilityassociatedwithchemicallyamplif iedresists. More 
specifically, the PVP resin has a good transparency of about 
60% at the wavelength of KrF excimer laser (248 nm) , but the 
dissolution rate of the resin in a basic aqueous solution is 
three or more times higher than that of a novolac resin which 
exhibits a high dissolution rate. It is thus difficult to 
decrease the dissolution rate to zero, even if the 
above-described dissolution inhibitor is used. 
[0009] 

[Problems to be Solved by the Invention] An object of the present 
invention is to solve the problems of the prior art described 
above by providing a novel resist composition which allows the 
use of a basic aqueous solution as the developing solution, and 
forms a fine pattern with practical sensitivity and no swelling, 
without being influenced by environmental variations during the 
resist process. 

[0010] Another object of the present invention is to provide 
a novel resist composition which is adaptable to exposure to 
light sources in the deep ultraviolet region such as a KrF excimer 
laser, and exhibits excellent dry etching resistance. Yet 
another object of the present invention is to provide a method 
for forming a resist pattern using the novel resist composition. 
[0011] 

[Means for Solving the Problem] As a result of a keen study, 
the present inventors have found that, for solving the 
above-described objects, it is effective to employ non- chemical 
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amplif icationas the reaction mechanismof the resist composition, 
combine a (meth) acrylate polymer with the phenolic resin used 
as the svibstrate resin to give a dissolution rate within a specific 
range in a basic aqueous solution, and combine the polymer mixture 
with a specific dissolution inhibitor compound. The inventors 
thus achieved the present invention. 

[0012] According to one aspect of the present invention, there 
is provided a resist composition which can be developed with 
a basic aqueous solution, the resin composition including: 

(a) a polymer mixture which is composed of a film- forming 
resin having a phenolic skeleton and a (meth) acrylate polymer, 
dissolves in a 2.38% TMAH aqueous solution at a rate of 100 to 
2000 A/second, and is soluble in a basic aqueous solution; and 

(b) a dissolution inhibitor compo\ind which is added to 
the polymer mixture to render the resultant resist composition 
insoluble in the basic aqueous solution, and is decomposed 
through absorption of image- forming radiation applied to the 
composition to render the composition soluble in the basic 
aqueous solution. 

[0013] In the resist composition of the present invention, the 
term " (meth) acrylate polymer" composing the polymer mixture is 
used in a broad sense. Therefore, the term includes various 
polymers ranging from homopolymers composed exclusively of 

(meth) acrylate monomers to copolymers of such monomers with any 
optional other monomers (including three-component copolymers) . 
In the (meth) acrylate polymer used herein, preferably at least 
one of the repeating units composing the polymer has an ester 
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group containing a plurality of or polycyclic alicyclic 
hydrocarbon moieties. Preferable examples of the alicyclic 
hydrocarbon moiety contained in the ester portion include an 
adamantyl group and a norbornyl group. 

[0014] When the resist composition of the present invention 
is applied to a quartz substrate to form a film having a thickness 
of 1 |am on the substrate, the transmittance at the wavelength 
of the exposure light source in the deep ultraviolet region (200 
to 3 00nm) is preferably 3 0% or more. The resist composition 
of the present invention is preferably provided in the form of 
a solution in a solvent selected from the group consisting of 
ethyl lactate, methyl amyl ketone, methyl - 3 -methoxy propionate, 
ethyl-3-ethoxy propionate, propylene glycol methyl ether 
acetate, and mixtures thereof. The resist solution may further 
contain, as necessary, a co-solvent selected from the group 
consisting of butyl acetate, y-butyrolactone, propylene glycol 
methyl ether, and mixtures thereof. 

[0015] Another aspect of the present invention is a method for 
forming a resist pattern, including steps of : applying the resist 
composition of the present invention to a s\abstrate to be 
processed; selectively exposing the formed resist film to the 
image- forming radiation which is capable of inducing 
decompositionof the dissolution inhibitor compoxind in the resist 
composition; and developing the exposed resist film with a basic 
aqueous solution. 

[0016] As is readily understood from the detailed description 
given below, the resist composition and the resist pattern 
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formation method according to the present invention have various 
preferable aspects . The present invention relates to a resist 
composition which can be developed with a basic aqueous solution 
to form a positive resist pattern on the substrate to be processed . 
The resist composition includes: (a) a polymer mixture which 
is soluble in a basic aqueous solution and is composed of a resin 
having a film-forming component and a phenolic skeleton, and 
an acrylate or metaacrylate-based, or (math) acrylate polymer; 
and (b) a dissolution inhibitor compound which is mixed with 
the polymer mixture to render the resist composition insoluble 
in a basic aqueous solution, and is decomposed through absorption 
of image- forming radiation to render the composition soluble 
in the basic aqueous solution. Due to the structure of the resist, 
there is provided a non-chemically amplified resist which has 
adaptability to deep ultraviolet light sources owing to the 
(meth) acrylate component having high transparency in the deep 
ultraviolet region and dissolution inhibitory effect for the 
phenolic resin. 

[0017] In the resist composition of the present invention, the 
substrate resin is a film- forming resin having a phenolic 
skeleton. The use of the resin is advantageous from the 
viewpoints of , in particular, satisfactory film- forming ability 
and solubility in a basic aqueous solution. Examples of the 
resin favorably used in the present invention include, but not 
limited to, phenol novolac resins, cresol novolac resins, 
phenol-cresol novolac resins, and polyvinyl phenolic resins. 

[0018] In the resist composition of the present invention, the 
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first component is the above-described mixture of a film- forming 
phenolic resin and a (meth) acrylate polymer. The component is 
important particularly when deep ultraviolet light is used as 
the exposure light source. The reason for this is that a 
(meth) acrylate polymer poorly absorbs light in the deep 
ultraviolet region . In other words , when deep ultraviolet light 
is used as the exposure light source, the composition must have 
a structure containing no aromatic ring which greatly absorbs 
light in the deep ultraviolet region, or a chromophore having 
a large molar extinction coefficient , such as a conj ugated double 
bond. It is desired that the structure of the resin and 
dissolution inhibitor compound and the amount of the dissolution 
inhibitors be established such that the resist composition of 
the present invention composed of a polymer mixture and a 
dissolution inhibitor compound exhibits a transmittance (the 
value when a resist film having a thickness of 1 |im is formed 
on a quartz svibstrate, hereinafter "transmittance" refers to 
the value under the conditions) of 3 0% or more at the exposure 
wavelength. 

[0019] It is reported that a (meth) acrylate polymer is miscible 
with a phenolic resin without causing phase separation, thereby 
exhibiting dissolution inhibitory effect (see R. D. Allen et 
al., Proc. SPIE, 1925, 246 (1993) cited above) . Therefore, in 

the present invention, the proportion of the phenolic resin in 
the resist composition may be varied in a wide range. However, 
when deep ultraviolet light is used as the exposure light source, 
the proportion of the phenolic resin is preferably from 10 to 
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90% by weight, and more preferably from 30 to 60% by weight. 
The amoiint of the (meth) acrylate polymer added to the phenolic 
resin may be varied in a wide range. However, in the present 
invention, the mixture of the phenolic resin and the 
(meth) acrylate polymer must exhibit a dissolution rate 
(hereinafter may be referred to as ADR) of 100 to 2000 A/second 
as measured in a 2.3 8% tetramethyl ammonium hydroxide aqueous 
solution. More preferably, the mixing ratio between the 
phenolic resin and (meth) acrylate polymer must be adjusted such 
that the resultant mixture has an ADR of 200 to 1000 A/second. 
The ADR of the phenolic resin is preferably from 100 to 5000 
A/second, and more preferably from 500 to 3000 A/second. The 
ADR of the (meth) acrylate polymer is preferably from 0 to 5000 
A/ second, and more preferably from 10 to 500 A/ second. 
[0020] In order to impart appropriate solubility to the 
(meth) acrylate polymer in a basic aqueous solution, it is 
necessary that some ester groups included as monomer components 
or repeating units of the polymer contain acidic, water- solxible, 
or highly polar functional groups such as a carboxyl group, a 
hydroxy 1 group, an amide group, an oxime group, and a ketone 
group. Accordingly, examples of the ester group introduced as 
an advantageous monomer component to the (meth) acrylate polymer 
include acrylic acid, methacrylic acid, 2-hydroxyethyl 
methacrylate , methacrylamide , and acrylonitrile . These ester 
groups may be linear or cyclic. 

[0021] More specif ically, the (meth) acrylate polymer including 
the monomer component having the ester group containing the 
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acidic, water-soluble, or highly polar functional group maybe, 
as described above, a copolymer composed of two, three, or more 
components. In particular, from the viewpoint of easiness of 
control of the composition ratio and ADR, it is recommended that 
the (meth) acrylate monomer be copolymerized with a monomer 
component having an ester group containing a poorly polar group 
such as an alkyl group. When the ADR is within the 
above-described range, the two-component copolymer may be 
replacedwithasimilar three-component copolymer. Furthermore, 
vinless the exposure light source is limited to light in the deep 
ultraviolet region, even if the ester group of the polymer 
contains a chromophore having a large molar extinction 
coefficient, such as an aromatic ring or conjugated double bond, 
no problem occur unless the transparency at the exposure 
wavelength is not deteriorated. 

[0022] For the (meth) acrylate copolymer, an alkyl 
group- containing ester group has been cited as an example of 
the ester group containing a poorly polar group. Specific 
examples of the poorly polar group to be introduced to the ester 
group include, but not limited to, linear alkyl groups such as 
a methyl group and an ethyl group, branched alkyl groups such 
as an i -propyl group and a t -butyl group, and cyclic alkyl groups 
such as a cyclohexyl group. 

[0023] When the resultant resist composition is demanded to 
have excellent dry etching resistance, it is recommended that 
a plurality of or polycyclic alicyclic hydrocarbon moieties be 
introduced to the ester group as the monomer component of the 
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(meth) acrylate polymer . Examples of the appropriate alicyclic 
moiety include saturated polycyclic alicyclic groups such as 
an adamantyl group and a norbornyl group. 

[0024] The molecular weight (weight average molecular weight, 
Mw) of the (meth) acrylate polymer may be varied in a wide range . 
The molecular weight of the polymer is preferably from 2000 to 
1000000, and more preferably from 3 000 to 50000 in consideration 
of the ADR inabasic aqueous solutionbef ore exposure . Regarding 
the transparency of the polymer, when the exposure light source 
is deep ultraviolet light, the transmittance at the exposure 
wavelength is preferably 50% or more, and more preferably 80% 
or more. 

[0025] In consideration of the above-described conditions, 
examples of the (meth) acrylate polymer advantageously used in 
the present invention include, but not limited to, a methyl 
methacrylate-methacrylic acid copolymer, an adamantyl 
methacrylate-methacrylic acid copolymer, a norbornyl 
methacrylate-methacrylic acid copolymer, a cyclohexyl 
methacry late/2 -hydroxy ethyl methacrylate/methacrylic acid 
copolymer, an adamantyl methacrylate/2 -hydroxy ethyl 
methacrylate/methacrylic acid copolymer, a cyclohexyl 
methacrylate/methacrylonitrile/methacrylic acid copolymer , an 
adamantyl methacrylate/methacrylonitrile/methacrylic acid 
copolymer, and a norbornyl 

methacrylate/methacrylonitrile/methacrylic acid copolymer. 
[0026] These and other (meth) acrylate polymers may be prepared 
by the polymerization process commonlyusedf or polymer chemistry . 
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For example, although detailed explanation is omitted herein, 
the (meth) acrylate polymer of the present invention is 
advantageously prepared through free radical polymerization of 
specific monomer components in the presence of 
2, 2 ' -azobisisobutyronitrile (AIBN) as the free radical 
initiator . 

[0027] The resist composition of the present invention must 
include (a) the above-described polymer mixture composed of a 
phenolic resin and a (meth) acrylate polymer, and (b) a 
dissolution inhibitor compound which is also known as PAC. The 
dissolution inhibitor compound used in the present invention 
may be, for example, a naphthoquinone diazido-substituted 
compound or other compound commonly used in the technical field, 
and the structure is arbitrary. More specifically, examples 
of the naphthoquinone diazido-substituted compound 
advantageously used in the present invention include, but not 
limited to, polyvalent phenolic compovmds such as 
benzophenone-based, diphenyl sulfone-based, and diphenyl 
methane-based ones whose hydroxyl groups have been entirely or 
partially esterified with naphthoquinone diazido, and polymer 
compounds having relatively high transparency in the deep 
ultraviolet region, such as polyvinyl phenol, whose hydroxyl 
groups have been esterified with naphthoquinone diazido. In 
addition, for example, when deep ultraviolet light is used as 
the exposure light source, in order to provide a resist 
composition having higher transparency, it is recommended that 
the matrix of the dissolution inhibitor compound have a structure 
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having less aromatic rings , or the length of the conjugated system 
be adjusted to shift the absorption maximum wavelength. In the 
examples described below, as the dissolution inhibitor compound, 
2,3,4,4' - tetrahydroxybenzophenone 
diazonaphthoquinone - 4 - sul f onyl ester, 
2,3,4,4' -tetrahydroxybenzophenone 
diazonaphthoquinone- 5 -sulf onyl ester, 
2,3,4,4' -tetrahydroxybenzophenone 

diazonaphthoquinone-6-sulfonyl ester, and polyvinylphenol 
diazonaphthoquinone- 6 -sulf onyl ester were used, 

[0028] The amount of the dissolution inhibitor compound may 
be selected according to the structure of the svibstrate resin 
and (meth) acrylate polymer , the type of the exposure light source , 
and other factors. Generally, the amount of the dissolution 
inhibitor compound is preferably from 1 to 50% by weight with 
respect to the substrate resin. When a KrF excimer laser 

(wavelength: 248 nm) is used as the exposure light source, the 
amount of the dissolution inhibitor compound is preferably from 
1 to 20% by weight. As necessary, a generally used sensitizer 
maybe added in an appropriate amount to increase the sensitivity 
of the resultant resist composition. 

[0029] Usually, the resist composition of the present invention 
is advantageously used in the form of a resist solution which 

is prepared by dissolving the above-described substrate resin, 
(meth) acrylate polymer, and dissolution inhibitor compound in 
an appropriate organic solvent . Examples of the organic solvent 
useful for the preparation of the resist solution include, but 
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not limited to, ethyl lactate, methyl amyl ketone, 
methyl- 3 -methoxy propionate, ethyl - 3 - ethoxy propionate, and 
propylene glycol methyl ether acetate. These solvents may be 
usedalone, or, asnecessary, in combination of two or more thereof 
The amount of these solvents is not particularly limited, but 
is preferably enough for achieving a viscosity suitable for spin 
coating and a desired resist film thickness. 
[003 0] In the resist solution of the present invention, as 
necessary, the above-described solvent (referred to as a main 
solvent) may be combined with a co-solvent. The use of the 
CO- solvent may be not necessary according to the solubility of 
the solute. When a poorly soluble solute is used, it is usually 
preferable that 1 to 3 0% by weight, more preferably 10 to 20% 
by weight of a co- solvent be added to the main solvent . Examples 
of the useful co- solvent include, but not limited to, butyl 
acetate, y-butyrolactone , and propylene glycol methyl ether. 
[0031] The present invention also provides a method for forming 
a resist pattern, in particular a positive resist pattern using 
the resist composition on the svibstrate to be processed. The 
formation of a positive resist pattern according to the present 
invention is usually performed as follows. Firstly, the resist 
composition of the present invention is applied to the substrate 
to be processed to form a resist film. The substrate to be 
processed may be a substrate commonly used in a semiconductor 
device or other devices . Other examples of the substrate include 
a silicon substrate, a glass substrate, and a non-magnetic 
ceramic substrate . As necessary, the substrate may have thereon 
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an additional layer such as a silicon oxide layer, a wiring metal 
layer, an interlayer insulating film, or a magnetic film, and 
various kinds of wiring or circuits . In addition, the substrate 
may be siibj ected to hydrophobization treatment xinder a generally 
used procedure thereby increasing adhesiveness to the resist 
film. Preferable examples of the hydrophobization treatment 
agent include 1, 1, 1, 3 , 3 , 3-hexamethyldisilazane (HMDS). 
[0032] The application of the resist composition may be 
performed by, as described above, applying a resist solution 
to the substrate to be processed. The resist solution may be 
applied by a known method such as spin coating, roll coating, 
or dip coating. In particular, spin coating is advantageous. 
The thickness of the resist film is preferably from about 0.1 
to 200 (om, and for KrF exposure, preferably from 0.1 to 1 |um. 
The thickness of the resist film may be widely varied according 
to the usage of the resist film or other factor. 
[0033] The resist film applied to the substrate is prebaked 
at a temperature of 60 to 160°C for 60 to 120 seconds before 
being selectively exposed to image -forming radiation. The 
prebaking may be performed using a heating device generally used 
for the resist process . Examples of the heating device include 
a hot plate, an infrared heating oven, and a microwave oven. 
[0034] Siibsequently, the prebaked resist film is selectively 
exposed to image- forming radiation using a generally used 
exposure device. Examples of appropriate exposure device 
include commercial ultraviolet light (far ultraviolet light, 
deep ultraviolet light) irradiation devices, X ray irradiation 
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device, electron irradiation devices, and excimer steppers. 
The exposure conditions may be selected as appropriate. In 
particular, in the present invention, as described above, an 
excimer laser (KrF laser having a wavelength of 248 nm) is 
advantageously used as the exposure light source. In the present 
description, the term "radiation" refers to light from various 
light sources, such as ultraviolet light, far ultraviolet light, 
deep ultraviolet light, electron beams (EB) , X ray, and laser 
beams. As a result of the selective exposure, the dissolution 
inhibitor compoiand contained in the exposed areas of the resist 
film absorbs the radiation to be decomposed, and renders the 
exposed areas soltible in a basic aqueous solution. 
[0035] After the completion of the selective exposure, the 
exposed resist film is developed with a basic aqueous solution 
as the developing solution . The development may employ a common 
development device such as a spin developer, a dip developer, 
or a spray developer. Examples of the basic aqueous solution 
advantageously used as the developing solution include aqueous 
solutions of group I or II metal hydroxides such as potassium 
hydroxide, and aqueous solutions of organic bases containing 
no metal ion, such as hydroxide tetraalkyl ammonium. More 
preferable examples of the basic aqueous solution include aqueous 
solutions of tetramethylammonium hydroxide (TMAH) andhydroxide 
tetraethyl ammonium (TEAH) . In order to improve the development 
effect, the basic aqueous solution may contain an additive such 
as a surfactant. When the amoxmt of the dissolution inhibitor 
compound in the resist is decreased to ensure transparency of 
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the resist at the exposure wavelength, the dissolution rate (ADR) 
decreases , so that a pattern is formed with a thinner basic aqueous 
solution than a usually used one , As a result of the development , 
the exposed areas of the resist film are dissolved and removed, 
and thus only the unexposed areas remain as the resist pattern 
on the sxibstrate. 
[0036] 

[Operation] The resist composition of the present invention 
includes: (a) a mixture composed of (i) a film- forming resin 
having a phenolic skeleton and (ii) a (meth) acrylate polymer; 
and (b) a dissolution inhibitor compound which is mixed with 
the component (a) to render the resultant mixture insoliible in 
a basic aqueous solution, and is decomposed through absorption 
of image -forming radiation to render the mixture soluble in the 
basic aqueous solution. 

[0037] Through the combination of the components (a) and (b) , 
the (meth) acrylate provides high transparency and a dissolution 
inhibitory effect for the phenolic resin. Accordingly, the 
resist composition can be developed with a basic aqueous solution, 
and is adaptable to deep ultraviolet light . In particular, when 
a (meth) acrylate polymer having a structure containing no 
aromatic ring which greatly absorbs light in the deep ultraviolet 
region, or chromophore having a large molar extinction 
coefficient, such as a conjugated double bond, is selectively 
used as the second component (ii) of the component (a) , and the 
component (b) is added thereto, the resultant resist composition 
has a transmittance of 3 0% or more at the exposure wavelength. 
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Therefore, a resist pattern is advantageously formed through 
the exposure to deep ultraviolet light. 

[0038] It is widely known to those skilled in the art that a 
positive pattern is formed through light exposure in the presence 
of a dissolution inhibitor. The fundamental of the present 
invention is based on known positive photoresists and functions 
thereof. However, the resist composition of the present 
invention is different from known photoresists in that it is 
adaptable to exposure at short wavelengths while having the 
benefits of known positive photoresists. More specifically, 
according to the present invention, a transparent (meth) acrylate 
polymer is mixed with the sxibstrate resin while the solubility 
in a basic aqueous solution is kept at a satisfactory level, 
which secures transparency of the entire resin in the deep 
ultraviolet region and allows the exposure using an exposure 
light source in the region, and provides a rectangular pattern. 
The resist is a so-called non-chemically amplified resist which 
does not employ amplification reaction for the formation of a 
pattern. The non-chemically amplified resist is low-cost and 
can utilize already established techniques. In addition, there 
is no need for worrying about instability toward environmental 
variations during the resist process, which is a problem 
associated with chemically amplified resists. Furthermore, 
since a basic aqueous solution is used for the development, a 
resist pattern is formed without swelling. 
[0039] 

[Examples] In the following section, the resist composition 
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and pattern format ion method of the present invention are further 
described with reference to some examples . It should be 
understood that the following examples are given by way of 
illustration, and do not limit the scopeof the present invention. 
Example 1 

5 g of a cresol novolac resin (weight average molecular 
weight (Mw) =2700, the rate of dissolution ina 2 . 38% TMAHaqueous 
solution (hereinafter referred to as ADR) : 900 A/second) and 
5 g of a methyl methacrylate-methacrylic acid copolymer 
(composition ratio = 82:18, Mw = 13500) were dissolved in 25 
g of ethyl lactate, to which 1.5 g of a 2 , 3 , 4 , 4 ' -tetrahydroxy 
benzophenone diazonaphthoquinone-5-sulf onyl ester (degree of 
esterif ication 70%, as PAC) was added, and thoroughly dissolved. 
The obtained resist solution was filtered through a 0.2-j^ 
Teflon™ membrane filter, applied to a silicon siibstrate by spin 
coating at 2000 rpm, and baked at 100°C for 90 seconds to form 
a resist film having a thickness of 1 jim. The ADR of the resist 
was 3 A/second. The resist film was exposed to light using a 
KrF excimer laser stepper (NA = 0.45) , developed with a 2.3 8% 
TMAH aqueous solution, and rinsed with deionized water for 60 
seconds. A 0.3 |am line -and- space (L/S) pattern was resolved 
at an exposure dose of 200 mj/cm^. 

[0040] Subsequently, the silicon substrate coated with the 
resist in this manner was placed in a parallel plate RIE apparatus 
for Ar sputter etching under the following conditions: Py., 200 
W, pressure, 0.02Torr, andargon (Ar) gas, 50 seem; f ilmthickness 
measurement confirmed dry etching resistance equivalent to that 



23 



of anovolac resist , Nagase PositiveResist NPR-820 (manufactured 
by Nagase Industries) . 
Example 2 

5 g of a cresol novolac resin (Mw = 2700, ADR = 900 A/second) 
and 5 g of an adamantyl methacrylate-methacrylic acid copolymer 
(composition ratio = 78:22, Mw = 11000) were dissolved in 25 
g of ethyl lactate, to which 1.5 g of a 2 , 3 , 4 , 4 ' -tetrahydroxy 
benzophenone diazonaphthoquinone-5-sulfonyl ester (degree of 
esterif ication 70%, as PAC) was added, and thoroughly dissolved. 
The obtained resist solution was filtered through a 0.2-|um 
Teflon™ membrane filter, applied to a silicon siibstrate by spin 
coating at 2300 rpm, and baked at 100°C for 90 seconds to form 
a resist film having a thickness of 1 [m. The ADR of the resist 
was 4 A/second. The resist film was exposed to light using a 
KrF excimer laser stepper (NA = 0.45), developed with a 2.38% 
TMAH aqueous solution, and rinsed with deionized water for 60 
seconds. A 0.3 jim line -and- space (L/S) pattern was resolved 
at an exposure dose of 155 mJ/cm^. 

[0041] Subsequently, the silicon svibstrate coated with the 
resist in this manner was STobjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 3 

5 g of a cresol novolac resin (Mw = 2700, ADR = 900 A/second) 
and 5 g of a norbornyl methacrylate-methacrylic acid copolymer 
(composition ratio = 80:20, Mw = 12500) were dissolved in 25 
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g of ethyl lactate, to which 3.0 g of a polyvinylphenol 
naphthoquinone- 6 -sulfonyl ester (degree of esterif ication = 40%, 
as PAC) was added, and thoroughly dissolved. The obtained resist 
solution was filtered through a 0 . 2-|iun Teflon™ membrane filter, 
applied to a silicon substrate by spin coating at 3 000 rpm, and 
baked at 100°C for 90 seconds to form a resist film having a 
thickness of 1 (im. The ADR of the resist was 2 A/second. The 
resist film was exposed to light using a KrF excimer laser stepper 
(NA = 0.45) , developed with a 2.38% TMAH aqueous solution, and 
rinsed with deionized water for 60 seconds. A 0.28 [xm. 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 160 mJ/cm^. 

[0042] Subsequently, the silicon sxibstrate coated with the 
resist in this manner was siabjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 4 

5 g of a polyvinyl phenolic resin (Mw = 4600, ADR = about 
5000 A/second) and 5 g of a methyl methacrylate-methacrylic acid 
copolymer (composition ratio = 97:3, Mw = 143 00) were dissolved 
in 25 g of ethyl lactate, to which 1.7 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone- 5 -sulfonyl ester (degree of esterif ication 
= 70%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-}jjn Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2500 
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rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 (jm. The ADR of the resist was 3 A/second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developedwitha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |Jiii 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 200 mJ/cm^. 

[0043] Subsequently, the silicon substrate coated with the 
resist in this manner was svibjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 5 

5 g of a polyvinyl phenolic resin (Mw = 4600, ADR = about 
5 000 A/ second) and 5 g of a cyclohexyl 

methacrylate/2-hydroxyethyl methacrylate/methacrylic acid 
copolymer (composition ratio = 93 : 4 : 3 , Mw= 112 00) were dissolved 
in 25 g of ethyl lactate, to which 1.7 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-6-sulfonyl ester (degree of esterif ication 
= 65%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-|um Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 |Lun. The ADR of the resist was 3 A/second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developedwitha 2 . 38% TMAHaqueous solution. 



26 



and rinsed with deionized water for 60 seconds. A 0.28 join 
line-and-space (L/S) pattern was resolved at an exposure dose 
of 197 mJ/cm^. 

[0044] Siibsequently, the silicon substrate coated with the 
resist in this manner was sxibjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 6 

5 g of a polyvinyl phenolic resin (Mw = 4600, ADR = about 
5000 A/ second) and 5 g of an adamantyl 

methacrylate/2-hydroxyethyl methacrylate/methacrylic acid 
copolymer (composition ratio = 90 : 5 : 5, Mw= 12300) were dissolved 
in 25 g of ethyl lactate, to which 1.6 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-6-sulfonyl ester (degree of esterif ication 
= 65%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0 . 2-|Lun Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 |um. The ADR of the resist was 5 A/second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45), developedwitha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 jam 
line-and-space (L/S) pattern was resolved at an exposure dose 
of 205 mJ/cm^. 

[0045] Subsequently, the silicon siibstrate coated with the 
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resist in this manner was siibj acted to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 7 

5 g of a polyvinyl phenolic resin (Mw = 43 00, ADR = about 
3 000 a/ second) and 5 g of an adamantyl methacrylate-methacrylic 
acid copolymer (composition ratio = 92:8, Mw = 11500) were 
dissolved in 25 g of ethyl lactate, to which 1.5 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-5-sulfonylester (degreeof esterif ication 
= 70%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-nm Teflon™ membrane 
filter, applied to a silicon svibstrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 |jm. The ADR of the resist was 5 A/ second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developed with a 2. 3 8% TMAH aqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |jm 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 186 mJ/cm^. 

[0046] Subsequently, the silicon substrate coated with the 
resist in this manner was subjected to Ar sputter etching in 

the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
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Example 8 

5 g of a polyvinyl phenolic resin (Mw = 4600, ADR = about 
5000 A/second) and 5 g of an adamantyl methacrylate-methacrylic 
acid copolymer (composition ratio = 93:7, Mw = 11700) were 
dissolved in 25 g of ethyl lactate, to which 1.5 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-5-sulfonyl ester (degree of esterification 
= 70%, as PAC) was added, and thoroughly dissolved . The obtained 
resist solution was filtered through a 0.2-\m Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2800 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 ^im. The ADR of the resist was 5 A/ second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developed witha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |Lun 
line-and- space (L/S) pattern was resolved at an exposure dose 
of 212 mJ/cm^. 

[0047] Subsequently, the silicon sxibstrate coated with the 

resist in this manner was subjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 9 

5 g of a polyvinyl phenolic resin (Mw = 43 00, ADR = about 
3000 A/second) and 5 g of an adamantyl methacrylate/2 -hydroxy 
ethyl methacrylate/methacrylic acid copolymer (composition 
ratio = 88:6:6, Mw = 13200) were dissolved in 25 g of ethyl lactate. 
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to which 1.65 g of a 2, 3 , 4, 4 ' -tetrahydroxybenzophenone 
diazonaphthoquinone- 5 - sulf onyl ester (degree of es terif icat ion 
= 70%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-|am Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 |uin. The ADR of the resist was 4 A/ second. 
The resist film was exposed to light using a KrF excimer laser 
stepper {NA=0.45) , developed witha 2 , 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.28 \m 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 193 mJ/cm^ 

[0048] Subsequently, the silicon substrate coated with the 
resist in this manner was siibjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 10 

5 g of a polyvinyl phenolic resin (Mw = 4600, ADR = about 
5 000 A/ second) and 5 g of a cyclohexyl 

methacrylate/methacrylonitrile/methacrylic acid copolymer 
(composition ratio = 88:5:7, Mw = 12100) were dissolved in 25 
g of ethyl lactate, to which 1.55 g of a 
2,3,4,4'- tetrahydroxybenzophenone 

diazonaphthoquinone-4- sulf onyl ester (degreeofesterif icat ion 
= 65%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-jain Teflon™ membrane 
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filter, applied to a silicon substrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 \xm. The ADR of the resist was 4 A/ second. 
The resist film was exposed to light using a KrF excimer laser 
stepper {NA=0.45) , developedwitha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0. 3 |am 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 212 mJ/cm^. 

[0049] S-ubsequently, the silicon sxibstrate coated with the 
resist in this manner was subjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 11 

5 g of a polyvinyl phenolic resin (Mw = 4300, ADR = about 
3 000 A/ second) and 5 g of an adamantyl 

methacrylate/methacrylonitrile/methacrylic acid copolymer 
(composition ratio = 85:7:8, Mw = 13600) were dissolved in 25 

g of ethyl lactate, to which 1.55 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-6-sulfonyl ester (degree of esterification 
= 70%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-ym Teflon™ membrane 

filter, applied to a silicon substrate by spin coating at 2700 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 pm. The ADR of the resist was 4 A/second. 
The resist film was exposed to light using a KrF excimer laser 
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stepper (NA=0.45) , developed witha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |im 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 188 mJ/cm^. 

[0050] Subsequently, the silicon sxibstrate coated with the 
resist in this manner was subjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 12 

5 g of a cresol novolac resin (Mw = 2300 , ADR = 2000 A/second) 
and 5 g of a methyl methacrylate-methacrylic acid copolymer 
(composition ratio = 88:12, Mw = 12700) were dissolved in 25 
g of ethyl lactate, to which 1.55 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-5-sulfonyl ester (degree of esterif ication 
= 70%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-|ain Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2500 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 jam. The ADR of the resist was 4 A/second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developed witha 2 . 38% TMAHaqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 jam 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 205 mJ/cm^. 

[0051] Subsequently, the silicon substrate coated with the 
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resist in this manner was stibjected. to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
Example 13 

5 gof a cresol novolac resin (Mw = 23 00, ADR = 2 000 A/second) 
and 5 g of a norbornyl 

methacrylate/methacrylonitrile/methacrylic acid copolymer 
(composition ratio = 85:5:10, Mw = 12800) were dissolved in 25 
g of ethyl lactate, to which 1.6 g of a 
2,3,4,4' - tetrahydroxybenzophenone 

diazonaphthoquinone-6-sulf onyl ester (degree of esterif ication 
= 65%, asPAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0.2-|am Teflon™ membrane 
filter, applied to a silicon substrate by spin coating at 2500 
rpm, and baked at 10G°C for 90 seconds to form a resist film 
having a thickness of 1 |am. The ADR of the resist was 4 A/ second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developed witha 2 . 3 8% TMAH aqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |u.m 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 210 mj/cm^. 

[0052] Subsequently, the silicon siibstrate coated with the 
resist in this manner was subjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-820 (manufactured by 
Nagase Industries) was confirmed. 
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Example 14 

5 g of a cresol novolac resin (Mw = 23 00 , ADR = 2000 A/ second) 

and 5 g of an adamant yl 

methacrylate/methacrylonitrile/methacrylic acid copolymer 
(composition ratio = 80:10:10, Mw = 13000) (composition ratio 
= 80:10:10, Mw = 13000) were dissolved in 25 g of ethyl lactate, 
to which 1.8 g of a 2 , 3 , 4 , 4 ' -tetrahydroxybenzophenone 
diazonaphthoquinone-5-sulf onyl ester (degree of esterif ication 
= 65%, as PAC) was added, and thoroughly dissolved. The obtained 
resist solution was filtered through a 0 . 2-|um Teflon™ membrane 
filter, applied to a silicon siobstrate by spin coating at 2500 
rpm, and baked at 100°C for 90 seconds to form a resist film 
having a thickness of 1 |um. The ADR of the resist was 4 A/second. 
The resist film was exposed to light using a KrF excimer laser 
stepper (NA=0.45) , developed witha 2 . 38% TMAH aqueous solution, 
and rinsed with deionized water for 60 seconds. A 0.3 |.Lm 
line -and- space (L/S) pattern was resolved at an exposure dose 
of 190 mJ/cm\ 

[0053] Subsequently, the silicon substrate coated with the 
resist in this manner was sxibjected to Ar sputter etching in 
the same manner as Example 1; dry etching resistance equivalent 
to that of the Nagase Positive Resist NPR-82 0 (manufactured by 
Nagase Industries) was confirmed. 

[0054] 

[Effect of the Invention] The resist composition of the present 
invention forms a fine resist pattern with practical sensitivity 
and no swelling, without being influenced by environmental 
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variations during the resist process . In addition, through the 
introduction of a plurality of or polycyclic alicyclic groups 
to the monomer component of the (meth) acrylate polymer composing 
the resist composition, it is possible to provide a novel 
non- chemically amplified resist which is adaptable to deep 
ultraviolet light sources and exhibits dry etching resistance 
owing to the (meth) acrylate polymer having high transparency 
in the deep ultraviolet region and dissolution inhibitory effect 
for the phenolic resin. 
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mmmmzx-ox^tfiymt ixm^tim^t^ 

m^z^itt^^k^zm-:)^^X\^l. zcotz^. SfflUJjg 

co&m^ymmi^zMtmm^t mt-^x. m^tu 
i)K ^mmmm^zm^b^j:*). mmmzna^cryui^ 
xv^'^'^-y^^thz.hifix^h. ^co^-frcowv 

xvii. MMm$mm^zm-:if)-^ts:^^cox\ iiiLtzim 
mmm\y'jxh\zit^h t , rt:]-i:xmm<^^iuzm 
^tiimwm-^^<. ^Mixi-mx^i. ttz. y^n 
7 >y y mmmmi±^±i^i>tzMzii. ^mm^zn i 

T, im. 5~2 5SMgPtOPAC^JPi^r(til«' 
5r^>^rVMmt%, i^^Ojco^it^ 

m^z^^^mmmmx'hm^ . ±^^j:mmtmk 

~y?U-^<DXd^j:m9mi<z^m^fifz^-^. ±M<ni. 

cicx ijz^^j:mmti^^mizmwbx. ^£03K*>v 
i^x h^'^:^-y^mm-tz.tmmzmiv^t\^dm 



mmmmtifz^. z.mimmmmi^i^x v 

§iiTv^§, -m^^tt. 7x7-;K^ilIg^7)lgf 
^ I. ;jf y f:z;l/7 x 7 -;K P V P ) j3ffl^^;b-ii-T , 

i-y h^yyi^'T'Jhmt^m immmt ix) a 

i/t -rh^i-^fjjirr^-ji-yi-jHtitzPvpmm vs 
mm±mb ix) i:^A.x^xiE.m-it^mmmui^x 

h (R. Hayase^>, J. Photopolym. 
Sci. Technol. , 6 (4), 495 (199 
3) ^#BS)^, 7:rj1'^>y7SIi^c07xy-;k^fa!l 

^^vu~ hE.mm-^w ( mmm±mt ix ) 

RV^ h 'J 7 X r:;Ux;U;J^ - A hVyU-h ( Tti^Hi 
i?Ji:LT) ^aPi./iH^^Mf:^itfiffll/i^-Xb (R. 

D. Al lenA>, Proc. SPIE, 1925, 2 
4 6 (1 9 9 3) &#HS) //^-O/^il-C^^S, L^^L, i 

m^^h^tltX'^^j:\\ t^j:hib. PVPT1S, -e 

2 4 8 nmT- 6 0 h S5f h , Mil g friTDJS^ 
tt7j<Jf ?«(I>^-ri>ig»l3IS*\ 7 -y 7J|}flgi7)^:^)^f 
i SJS Ti'^'av ^ i CO ItZitKX $ /i> 3 f^lil± i 

fe. fzti±mifzXommmm^^fztLx 
. ^mmmm^-^mzt^ ; t mmxh i> « 

[0009] 

//oT, ±MitzXo^j:%mmmm}i^.m-iki 

mt^zm^tLrmm<7)^j:\>mm^j:^'^i^'-ymm- 
h^h mm^j: V i>x vmm&im^-th mz 

[00 1 0] *^0HiOae^{i:, ttz. RrFX^^^VW- 

'-^m<ryi%wmm<r}W.%m.\z i nmmx\ 

&ffM-r-g> :^S^tSfft-f-|) ^ fc $) . 

[00 11] 

iwrnrnmhtz^cry^m muz 

mw^i^(Dw.mzmmmm^mmmm.t t , 
Lxm^^^hfiiyc^y-jv^mi^mm 

{c ( ^ ^ ) U 1/- h.^li-a-#c&»ffl Lt ^Stt^K-^ 
aS{:MLT^^coSEIlfc:$)l,^P^^&M-ri. J: a \<zm 

s L , ; coa^Mi^wc: s \<zm^mmmtmt-^ 

ft * 11^^15" ioii- 1, c i: ti'^^^xh I) ^ a * 

[0012] ^cDlooffltdfcV^t. Tiao 
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( a ) 7 X y-jp-wmmthmmjs.mmt . ( ^ 

^) T^VV-h^m^i^tt^k^j:^. 'cLT, 2. 3 
8 f - h ^ ^ f-^l-r - \ --f F n ^ K 7j< jf 
4'T«t/-cB§. ^c07MfMtC^-i>Vl»3IS*n 0 0 
~2 0 0 0 A/#^T'$>l.«Stt*?M^c^?i=5rS^f4sM 
^^^3 ; ( b ) fne*-^#:?I-^fc»tTI/^':^ h 

mim. ^co-mmmmix^m^ii>bhti. mm 

[00 1 3] *%0B:j;l>^^^•x^ffl)I!^tI(=^3l^•C, ^ 

^-fh. :izx^mfh (^^) r^')v-v^m-^w 

t i> 1 mmmi^ i < itm^mm^mtymm 

j^^^tS3:.^TJUmmiX\^H^coxm, tfz. z 

[0 0 14] tfz. ^m(^v'j^ mmm. 
im. BtKii. mmmwmmy{:m.com^ (2 

00-300nni) l^zm^ S^i**^' 3 0 %a.tXh 6 , 

-h. x^;l/-3-xhd?-i/rne^:^-h. rntfP 

Sill). S/i. it7)^i^'xhMi. it 
my"i~Jl. r-y^uy^Vy. ru h° y ^' U n 

mm^mmmt Lx^h\,z^A.x\^xhi.^\ 

[0 0 15] ttz. ^%m\i. ^<7){, 0 1 ocoMt-tiir^ 

T, vi^y.Y^-^^-y^mm-h-fsmx'h'^x. Tie<7) 
: *^Bi!toi-i>-x vmmmmmmmHzmM 

m^mit-^'^mmnmrnLnummmmxymm 
i^zm^L. ^ Lxmmmvi^x \^m:^wm:imx 

vn^-ymimj'm.zhh. 

[0016] wtmzx h V ymmmi^ 'Jy. v 

mx%hi^oi<z. m^mtu^mm^mLx\^h. * 
w.mmu±.^z7r^'J(^\y'Jy^ vj^^-y^mm. 



fmizm-t h h ff)xh ^(T^viyxh mmni. . 

■f^j:hh. ( ^ ^ ) T ^ U 1/- h ^crym^W b cOil^ij 
*^i^=5rl.^Stt7K?i?Si3"5rJi^a^I^i: .(b) 

ht£h. V~JXY(Dm.^-kZ.ff}Xo\zm^-^hMzl 

nx. (y^) ryv ly-hcD^^s-tim^^mx^Wi 
v^jtBflttfc . yxy~}mmm^zmmmm±^}^^ 
mm uz . mmmdz t MmmKcWif^mmmiy'y 

xhzmmilkt^X^i>. 

[0017] ^^mcoui^'x hmm^'za^'^x . ^com 
mmii. y X y-jimir^timmmmmxh 
^-^^mmcr>mmii. mz. ^^B^mmmm 
Ax/ummm^zmmmmmt^ ^ mx-h i . 
i^m<Dmml>zi5\^xwuzmm^:Lt(r)X^mm 
It. aTi,znmt^h<Dmmfiimxm\,^^ni 
h-t), mtKii. ys.y-}iy:iiyyymm. ^u-v 

-;l/yd<'5-y^itBg. y j:y-)l-y\yV-)Uy:r^yy 

ymm. --k u t'-jiy x y-mm. ^<^mhh. 
[0018] if^mvi^x Ymmnxu. imitzi. 
o-^j:ys.y-mmmmmmi<z {M^)r^vu~ 

hmm-^mu-^ixmicomtix^-^^:^^. zh. 
li. m^ymt ixmjmmmm^i^z-}i 

^mi. mmmm(7ym<^mmm^-^^v^i^'^xh 

mm±mit-^^mm^^^mzmmm±mcoimmm 

100 19] tz^x\ (yy) ryvi—h^m^it^ 
(4, ^timy^y-ji-mmt mmti z t ?i 
^L. mmmm^^:mthz.):.-m'^^tix\^h 

iZBmUz. R. D. Al len^>. Proc. SPI 
1 92 5. 24 6 (1 993) ^#fi) » ^c<Otz 

>sb. ^%mcommi<z)5\^xi,. mmitzyxy-mm 
m<7)-u'jxhmmi<^^zmirm^iiJK^^mmx^m- 
^zbi}^x^. fiL, mytytmtixmmmmmt 
^m\-^imtL<ii.io^9omm%xh 

0. $^>f3»*L<{43 0-6 0a4%f*l>. ttz. 

yxy~)vmm\<zi,zmuh (^^) r^ui^-h^ 
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2 0 0 0 k/m^t^itt^mx'h^ , X mt i< 
7 X y-mmmRU ( ^ ^ ) u h^m-k 

wcom^^mt .n^hi s-^t^^o a d r 2 o o - 1 o 
0 0 A/#v)tEfflt7)fitct^^ X 0 psrr ; i: ^^-i^^ 

li. L<{41 0 0-5 0 0 0A/#\ J:Off* L< 
{i500~3000A/#T'S>§« §^>tC. i^i^)T 
^Ul^-h*S^*mDR{4. *?*L<{i0~500 
0 A/#\ $ ^> tif S L< (4 10-500 A/#^T-*> 

[00 20] ( ^ ^ ) u 1/- h^s^f**%ae7i< 

7'^^J)Vm. >^^^^))Vm. 2-t FP^xX^;Mr5' 

[00 2 1 ] ^^\zmmz\t. muzxdts:m^. 

Huie L/s J: 3 (c . r)3g^\ L < {4 J: D 

T/^S ^ t-t I. |iMI4!Jj^'5')' ^^a^ § it ^ C i: S 

fit. tfz. ii-t>hz.m<^m.-^mzi%i.x . tti 
AD R*i-±i5co®ffli^T'$>i.'5r^{4\ mmE.mm. 
^mmmLxhkw ^h^zttz. mwtmmm^^ 

w$,(nmzm%Lti:\imf. fct t-ewa^ftc^jxxx 
)vm^zj^mmm'^mkzm^i^m(^=t)vmmm<^±% 
\^mmi:i^^tixx\^x i . m^Mzmhwm-k 

m\\L^^t£^Mn\<zh^^Xti:A.^Wmh\tti:hts:\^Xh 

bo. 

[00 22] (^9) r9')]y~Y^^m-^WC0b:ib 
X\ fittcOfiV^S^^OxXx^WSh LXTJV^JVm-'^ 

XTivmmxt^^immt lx. mm^-th 
i>cn&m^fihhnxnt;:\-^\i-fi}£{^ . x 
i~}vmzvm^fihmmT)v^)vm. i -rntvL- 



[0023] sf^. n^fihv'jxvms.mznhxm 

iifz K ^ ^ X .y ^ y /Btt^W^-r Z. t if^m^tih 
m-i^b tTOx;^r;l.«(:. WMMh b<ii^m<D 

fym^zim-^ummmMm^mxh^. 

[0 024] ^hliZtfz. ^mUzXoKp {^9) r9 

{4. Ju\mmx'^mmx'hh. mL<\t. pi^^m 

2000-1000000 ^mmxh 
ttz. mm^ztiim^mmmmiznt^ADR 

i^&tfzm^. 3 0 0 0-50 0 OOcomm-Zi^X Off 

ytmdmmmxhhii}-^. -i a^wmuzm'^h's. 
wm 5 0 xmiX'h ^ztmi-tK. xmti< 

{48 0%m±-CS>l.« 

[0025] 0 t^mm^^mzxfix , 

m(nmm^zi5\yxm\izm-fh ztm-t h{y^) 

{,\rF(^i>com^^ti6h\fxmmtib%. y^ 
;M ^ ^ 'J h u m^m^i>^. yiv^niu- 

i^iVA 99 V/ 2 - 1 Kn^>-xf-;u^ ^ ij I- 
- h/^ ^ 'J jvwm-^'^. r y-^y^ivy ^ ^"j u 

-b/2-t HP^i/X^;M^^'Ul^-h/^^^U 

^ ^ U Y/^^^ U nx h ij )V/>i 9 9 U;l«^^fi 
J}V-ffs}V-}V^ ^ ^ U b /p< ^ U ax b U 

[ 0 0 2 6 ] :zfih<r)mf^c(n\m {y9)r9 
V v~ Y^n-^mt. -^-(T^M^^z^^^x-mmz 
fflv ^ <bixT \-^hmrmm Lxmmh z. t ifx% 

{4. immm^zi^,\^xmmt£WM'-mtmti}i 

2,2' -TVt'X-^ y 7-f-nr: h ij;K A I B N ) » 

[0027] *%BBt= J; !> P x'X bmft-C14. ilSL 
/'cJ;^^ (a) 7xy-;l^^lSIIfc. (^:5')T^U 

( b ) PAct ixi>%^htimmm±m'it'kmiim 
thzbif&-m:hh. ^w^\z^\^xm%tmwM 
m\t-^\t. z.mm%m^zii\^x~m.mzm\^hti 
Tv^i>i«. mm. -fyv^jvi^riyYwmt^'m 

X%hz.ti?x%. ^<^mMim:x:hh. ^t,\,zm. 
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Y^JvVri^YX:±'mhh\-^\i.U'jtm\>z 

0 ti:i%m\mx'mm\zwm<m\ ^-m^fit-k^m 
pjTmmtmmmxu. t-t>mmm±-it-^t i 

X. 2, 3, 4, 4' -Th7bFP^xOV'7x/ 
yj^'rv'-f 7h^yy-4-X;U-:t;x;WxXr;W. 2, 
3. 4, 4' -r h7t Fndf>'^yv"7xy>>^TV 
:h7F^yy-5-x;U*-;Ux,Xr;U. 2, 3, 4, 
4' -f F7t \^u^iyKyv'y a: y yi^TY-fy 
yy-6-x;^T^:::;^xxr;k •eLT*fUh'-;i/7x 
y-;l^>''ry-^7 F^yy- 6-x;k*:-;l/x;;^ryl^. 

[0028] c:ii<^>^^fftf«±m^t){i. 

^&y^''t'«^jffio7 T ^y^zm tx\-^^^^^tcmmxm 
X I'-s omm%(^s.X'is.m-tmmt ttz. 

m^^mt LTKrFx^i/VU— f" (•^:S2 4 8nin) 

mmt^ X 0 1 --2 Qmm%<^m.x'm 

•timmtLw tfz. 'm>,zmtx. mmm\ 
ffm%M.mMLx'i%^fihv=jxYm.mi<^mmn 

[0029] Fffl«i. MSs ±i5b 

^csivrffiiiai^" ( ^ ^ ) y 1/- h^m-^m^mz 

mmm±mit-^mmmwmmmix , 
hmmm^xwuzmm^zbti^x-^i. ^'jx hm 
mcomm^zm^j:wmi±. ?Ligx^;p, y^^i^rs 

^^;^_3_^}.dfj,7°Pt°:t^— F. xf- 
3 -X F =5r x7°n F , r n t° F- y U 3 - 

;^y^;^x-^;^T^:r- F5rfc7jW$iil>»\ Cix 

hm^^m^\ ztihcomwM. m'kxmf^ixh 
2mmii)±c')mm^iff^ixm 

. X t° ymmm(^m^icm'^^j:f^!^7Ai/mm(r))y 
[0030] ^^mcoui^x hmmxii. mmt 



X. ±mLfzx^^xim mz±mmm^) izmtx 
mmmm^mmixi.x\.K m&mmmmit. mmco 
mmmzX'oxiM^mtc^-^t\ mm^^^i^yMw^m^^ 
fzm^. mn. mmiznix 1-3 omR%cDM.x-m. 

h<^\zm^^W£\-^V!iiZ\,. M7'f-;F. r-7'"^n 
7^ Fy. rnt°l^y/y3wk^^;l/x-f ;F^^"2r 

[003 1 ] imm.%fz. muzXofjiVi^x Fa 

^tl^ffifflLT. »a*«±(:F>^'XFA"^-y. # 

•I. . ^wmri-°'Jr- 4 7- F i^x yj-^y- ymmt . ji 
}'Kcr)Xoi<zLxmm-fhZbffiX-^^. 9t-f. w 
««±tC*^Bflc:0 F F ffljSif^ ^ M^fi L T F F 

mmm-h. wmwmi. ^#(*^s, ^c^omo^ 

^^aft-b:7 5 v9xmWf£}£^hWh h . t 

fz. ::iii^0mm(^±ijizii. '£,mzmtx, mm 
1. mu£'^v:^ywmm. mmmM. mmm 

m^mrAttix\-^xhX\^\ ^i^i,zttz. z 
tii^comii. ^tii^znt^ui^xhmmmmmnb 

ifzub. ^mm-^xMmm^tiX^^xhx^K m 
mmMmmmt ^vj-x. 1 , 1 , 1 , 3 , 
3, 3-^^-^^yf-;^i^'y7^f'y (hmds) ^f'^i) 

[ 0 0 3 2 ] hmmmmmi. ±Bifzx 0 
kz. ^ti^iyi^x hmmt ixmrnmrnmi-i^zm^ti 
zbtK'^i, ]yi^xhmmmmi. xt-ym^. n 
T4 'yy°mmmnmwmmm. m 
^zx }fymm^^mx-h i . v ^jx f m-\t .m. \ 
- 2 0 0 At ^(^mmtmm^ixh k r f 

{4. 0. l-l/xm*i'ft^S^|>. =5r*5. ffM$iil)F 
>>'XF^cOMif{4, ^(J^Vi^XYm^W£)£<nyr'7 

[0033] ««±(cM?|jL/il^ FM}4. -ea^lS 

mfflMfiiit=^if?wi=^3te-ri.fflt3, »6 0-1 6 or 

c^-mt-l^ 6 0-120 %Wzhfz o T 7° U <- y t 

;toTy<-^'{4. ki^'xFrp-fe^f^ffl^ojiift 
^mkm\^xmkthz)iifx:%i,. mmm-mkt 
LT. ^j/ijf. :^-yF7v-F. mwim^-yy. 

^n-M*:t-7-y^f^i?,(f I,; t ^„ 
[0034] J^V^T-\ 7°y <-^f*tOFi^'X Fl&?Sffl 

xx-yA\ ^a)mx'h?>. m^^mi. ^(^mm. as 
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r F If- ) iT^fiJicffiffl-ri. t t^T 

(EB) , x^. ix— r5fe^^si*t-.?.5L«t-ri.„ c 

mmmmmmmmm ixmmtt^ » 
[0035] MiRmm^Tm. mmcoui^^ hm 

I,, zz.x\ mM.mbLx-^m^zmmth^ta^x-%h 
^m^ymmii. ymni] u -^m^z-m^tihmtm 
m^i, iimzm-fh±m(^7m\m(^ymm'K-. ym 

^j:\^^^immmmmx'h& . mtmwm. 

tKii. ymitThy^i-Jl-Ty^-^J^ (TMA 

H) , 7j<it€T^7x^;^Ty^:-^A (teah)^ 
c0ym'MX-h6. tfz. ■/)^:/}'lim'\tymmii, ^com 

ifmrnmrnut^^tzMzmmmmit-^mmMA 
^^•>^< L/iUi>'xh&fflv^i>*i^. mmmm (ad 

f^ymmm^^^x^'^^'-ym^&thzti,x'^^. mm 

tLx.i^i^'xh m(omm.mmmw.t:^ 
i^tix. mytmmco^^^ui^xh^-s^-ybixmm 

[00 36] 

um] :$^mcoui^xhmmm. (a) ( i ) 7x 
j-ji-wm^t^mmmimmRx/ in) ( ^ ^ ) 
Ti^vu- hm^i^t .(b) mmm ( a ) t 

ixT-mitx'^t>-?. mmmMmmmtht. m 
ix'^mn,-^mi:mmtymmmixmmtu%m 

[0037];(7)J;3 fcjt^^ ( a ) ai^' ( b ) ^ffl<^-& 

umiiymmxmmmRmmmmz ^ Mm«jm t -t 

i,zt f/x^ h . n^z. jt^M a ) </MZ.(nm ( i i ) 

t Lx . \%mmm^%^±% < mm-tm^mm^. 

tffifflt. zmzmih) im\iLtzi%^\.z{i. nh 
fihvi^x Ymmff:>mm'km&.^^zh\-^x 30% 
m.bL. i-^r. mm^mmmzk^m\\<z)yi^xh 



[ 0 0 3 8 ] ^r*3, mmm±mm^Ti>ziiux%m± 
{zx ^Tr^iy^Ay'y^^-yv-i^hztii. nm^xnih 
<^hfix^^h. 

yi^YVi^:^h}i^<^mm^zm^\^X^^h. L*^t. * 

^i^-h^L-)-). i.^mM^<^m%^zmmx%hXokz 

(07-^9 -y^:'i^h zt^^mtt i>i^(^xhh . 

±.^Kfzm^^'mx% . tfz. \t^mm.v'y7.Yx 
x^m.tts:->x\^hv'jxvrxj^y^(mmzmh-^-'Sk 
%.'^\t\^->^\^^m.ti:<xx\-^, %h\z. mmz'^m 
>mmmk^\-^hfz^. wxyn'^-y^Wimh^ 

[0039] 

^ - yi^muzm L T V ^ < ^ts^a^mwrn m. txm 
mt^, TM(r>mmmimA.<^-mTh'^x . z 
ti^zx-^x ^mcommm^^ti^ i cox-m^ t 

mi 

5gco^^y■•-;^y;i17-y^'^aII (fiS¥t^i)-« (m 

w ) = 2 7 0 0. 2. 3S%TUkHymimznthm 

mmmivxr. adr) = 9ooa/#) at^sg^o^ 

82: 18. Mw =13500)^25 giOlLiSx^;U 
WfS?L. 5gi7)2, 3, 4, 4' -T-h5 

t Yu^i^Kyv'y xJy 'J7V'i~ 7h^yy~5~x 
)Vt^-)V3LXTlV (xxf ;Ht«7 0%. P AC h L 
T) ^JP;fC+^tc^»S-<t/;, 'i^MzX^'JMm 
^0. 2;uni c0f-7nyTMy77y7^;W:5'T1F3it 
/^f^. u 3 ys«±{3 2 0 0 0 rpm fx e y 3 - h 

L. 1 0 OrT-9 0%'m<~^ LX lnniW(^\y'JXh 
mm^kWz . icOl^ i^'X h c7) A D Rii 3 A/#^T'* o 
fz. Z.<^\yi^Xhm¥.rFX.^>"7V—fX'f-v^-^ 
(NA=0. 45)T'S7tL«^. 2. 38%TMAH 

yWimxnmL. m^tyyK(:-bom§i')yxLtz. 2 
0 OiiiJ/cni2 COm^AX. 0 . 3 /i m y • r y K • 

x'<-x (L/s) ^\°^~y*Wt-&/-c« 

[ 0 0 4 0 ] J^V ^T-. ±iec^J J: a LT l^i^'X h ^^^R 

uci^U3ya«^TO¥«R I E^atcuxst, p 

;U = 2 0 0W. E^]=0. 0 2Torr. r;l/3"y (Ar ) 
;^"X= 5 OsccmcO^ft^Tt-A r Xy\°-y ^X-y f-y^^'Sr^f 
-^tztZb. /-^^y'V-^^lyi^Xh X'h h mjT^'J^ ^ 
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^>^'^hNPR-8 2o immmim) tmmc^vy 
m 

bsCO^VV'-lVJt^yv^m^iMw = 2 7 0 0. A 
D R = 9 0 0 k/¥j ) RXf 5 gcorr^ y^/W^ 9 9') 
]y-h-^99V im^m-^i^ (IMi:b= 7 8 : 2 2, 
Mw = 1 1 0 0 0 ) ^ 2 5 s<Ofl¥l:r.i-MzmMl . S 
hliZl. 5g^02. 3, 4. 4' -f-h7t Fndfv-^^ 
yy 7 X y y >-'TV-f7 y y - 5 -x;l^*:i;l/xx 
(x;?,r;Ht:^7 0%. PACblX) iMlX+ 

fy'py^^?<yy"yyy^)i^9'CiFj§Lfz'!k. y^)^> 

*«±(C2 3 0 0rpin f;^t°y3-ht. 10 0°Ct-9 

0 #Pb1^- ^ lt 1 At mjf CO 1^ b mm^Wz . <r 

MSrK r FX^>-7U—f-y^-f7>N° (NA=0. 4 5) 
■C«L/if^. 2. 3 8%TMAH7K?g?lT-iI#L, ffii 
:t y^K'C 6 0 ')yy^Lfz. 15 5 niJ/cni2 COEtK 

mx\ 0. 3/im7^ y • ry F ■ y.^-y> ( L/S ) 
[0 04 niXv^f\ kM<^i^o\>zLX\^'Jxh-kmM 

L7t X 3 ya^^fiis^ij 1 1 mts:^mz J; o -c a r 

N° -y ^x .y ^ LTt ^: ^ ^ , «»xr T"!^ v-'x 
hNPR-8 2 0 (M!U) tmcOYy^Ji-y^ym 

m^s-f^timm^fifz. 
m 

5g(^9UY-JUy^^y'y9mm (Mv) = 2 7 0 0. A 
D R = 9 0 0 A/#) Rr/5 gC7)y;P;jf;I^x;M ^"J 

_^ ^ ^ ij ;Htitg^^ ( ^MJ:1:= 8 0:20, 

Mw =12500)^25 gmim:^^Mzmmi. S 

/btc: 3 . 0 g c0.t° U f':i;W7 x y-;l^i^'ry'-f7 b ^ 7 
>'-6-:^;U:^-;l^xxr;KxX'r;Nt^4 0%. P 

;^hJ§ISSrO. 2A(m iOr7nyTM_j<y7'5y7 ^yl^-j- 
T« L/ifl:. U 3 ymm±^Z 3 0 0 Orpin t"y 
3-h 1 0 0°Cr9 Og-fsK-y LT l /xrn;?^0^ 
v X h #/i , ^ cO i^'X h « a d r a 2 a /#^t- 

.y^t(NA=0. 45) X-mytLtzm. 2. 3 8%TM 

Aummx-mm i.m:^ yykx- e 0 #ra >; yx l 

^C, 1 6 OinJ/cm^ OEtKMT-. 0. 2 8/xm5-<y- 

T^H ■ X^-X (L/S) riS'^ypmrnx^fz. 
[0 04 2] iX^^X\ ±mcOXo^ZlXU'JXh^:m^i 

ifz V u 3 ymmmim 1 1 i a r 

X ^ N° >y X >y ^ y t ?t: ^ ; 6 . i-'-r ^ T' 1^ X 
hNPR-820 (Itffi) tnm(nYy^:JZ'v^ym 

M4 

5g^0;^°'Jt-;l/7x7-;HSII (Mw =4 600. A 



DR=|5)5 oooA/#) s.u;'5 goyf-;py^7UP 

-Y-^99'))Vmm.-^\t (IMJ:b=9 7 : 3, Mw 
= 14300) ^25 g<7)?LiSx^;H;)f II § ^:>(3 
1. 7gc02, 3, 4, 4' -■ f-h^h HP^i^^yV 

7x7 y i>'ry■'-^7 h ^7 y- 5 -7>;^;^^x;^x7.■r^^ 

(xXx;Wk:K7 0%, PACfcLT) ^Sni.T+-53Nc 
ffi^^ii/cl-i/'Xbjg^ISrO. 2 Aim cof 7 

nyi"yy7"7y7 -f;i/^-c-ri§L?t!f*. ^'J:3ySS 

±K2 5 0 Orpm T'X fyn- h 1 0 O^CT^ 0# 
m^-9LXljjLmW-<^V'J:^vmmVi%fz. :i(^]y-J 
X htO A D R{i 3 A/#T-* 7t „ Z(^\yi^XV^^ 

KrFX^i/-7P— fXT-y^N° (NA=0. 4 5 ) T-'E 
7^ L , 2 . 3 8 % T M A H 7j<?g?]|f JIfi L . M-^ 

y7Kt••6 0#fH1yy7^L/i„ 2 0 0Dij/cin2 toiiTt* 
t'. 0. 3/4m7^ y • ryb' ■ x^-x (L/S) A- 

:?-y:{)>MT'^/c. 

[0043] <>K.\^X\ m^XoizLXlyi^T^V^m^ 

Ltzi^')oymmmm\i}:.mmfj:^mz^nxkr 

hNPR-820 (BUtii) t[Si^C7)H7-fX>y^y/B 

m. 

5 gO^U t'':::.yP7 x y-;PM ( Mw = 4 6 0 0 . A 
DR=*<j5 0 0 0A/#) gc7)i^7n^de>-;M 
^^y^_^/2-h Hndfyx^7M^7 iJl/-h/ 

yyyy^wsftfi^ft (a)jicit=9 3 : 4 : 3, mw = 
1 1 2 0 0 ) ^ 2 5 g mm:^i-Mzm^^ I. ^hiz 

1. 7gi02. 3. 4, 4' —rh7t Kn^xA^yy- 

7 X y y j^'ry-t 7 h =5f y y- 6 -x;i/7^x;wxxf-;i^ 

(xxT;HkJg65%, PACfcL-T) mix+mz 
mm § ^i-5t o # ^> iifc U X X b 0 . 2 A« c?)f 7 
ayiMy77y7 ^y^^T••riitfv;m. i^'J ay«« 
±^Z2 7 0 Orpm -CXt-yn-h L. 1 0 OrT-9 0# 
^'<-^'LTl//in/if01/i-'XhM^^#fc. ^COI-^-^ 
X b c7) A D Rfi 3 A/fPX-h ->tz. ^coU'JXhmm^: 
K r Fx^yvb— r'Xf-"y^N° (NA=0. 4 5) XM 

ytifdk. 2 . 3 8%TMAH7mmxim i.m^ 

yyKT- 6 0 fpm 'Jy7.Lfz, 19 7 mJ/craZ 

t\ 0. 2 8//m^^y- ryb ■ X^-X (L/S) 

M"^-y*Wc#/i. 

[oo4 4]f^v^-c\ ±Mmxd^zixu'jxhimm 
Lfzi^v 3 y*«&B«fafij 1 1 mmtc^mzx-^xA r 

xyN°-y ^x -y f- y / L h C ^ , iftS!4^i>T -< fU^Jx 
bNPR-820 (Mffi) tmm<0Vy-!X'yi-y9W 
^^?f^'tZb:bm&^tifz. 

me 

5 sCOri^V h'x;P7x y-«g ( Mw =4 6 0 0 , A 

D R =1^ 5 0 0 0 A/fj'^ ) m5g COT^'V y ^/Py 7 
7 U b / 2 - 1 b n^i/xf-;l.y 7 7 U 1^- b/y 
99VJm^m-^i^ mm:t= 9 O : 5 : 5 . Mw = l 
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2 3 0 0) ^25 gi0lLi§xf-;K.3if» $ 1 . 
6gc0 2, 3, 4, 4' -rh^t Kndr>-x.yy7x 

yy>''Tv•■^:7^^yy-6-x;^;t^~;^x;:^r;^ (x 
;^x;HkiK6 5%, PACtLT) iMlx+mzm%^- 

y 7-^ yy -i )U^TiF^ Ifzm. ^ 'J :3 ymm±iz 

2 7 0 Orpm T-;^ t°i^3- b t . 1 0 0°CT'9 OWM< 

Fx^i/-?lx-HfXx-7>'N° (NA=0. 45)X'MytL 
fdk. 2. 3 8%TMAH7K?MTWt, flM^^>'7K 
TeOfpmVyXlfz. 2 0 5inJ/cin2 iO^^T'. 
0. 3/xm7^y • Ti^K • (L/S) 

ymimtz. 

[0045] <?:v^t:\ ±iEi^J;at3LTP->'';^h2rMffi 
U 3 ymt:mm 1 1 |SI«=5r^St: J; A r 

N° >y ^ X .y ^ y ^- 1 t i 6 , i/T >f T'l^ i^'X 

bNPR-820 (luttJ) i:[5l^c7)H9-^x-y^>i/iS 

fflZ 

5 g«.t°ij fx;U7 X y-yHSfli ( Mw =4 300, A 
DR=*<33 000A/f:!'^) &V'5 gOT^'vyf-zM ^ 

^ y ^_ ^ ^ ^ u;i^KJ±a^#c mmt= 9 2 ■. 

8. Mw =11500)^25 s(^%M:r.i-Mzmm 

L, 5gc7)2, 3, 4, 4' -Th^tFn 

^ y V7 X y y >^'r v••-^ yh^yy-5- x/w;]-- 
;Uxxr;Kx^T/HbjK7 0%. PAChLT) ^JP 

ix+wzmm^^ti. ni^tLfz)y'yxhmm^o. 2 

Mm a^fyoy^'^ :^y'f'7yy <}V^X'¥WL.fz%.. 'y 
U3yss±tc2 7 0 0rpm T-;^ey3-M, 100 

'CX9 0WWi^~9 LX lfimW-(^\y=J7. h^lSrtf 
fz. ^cr)Viy:^\-<^ADR\i.5k/WXh'^tz. i^DP 

h MMS- K r FX^ -rx-r 7 ^ ^° ( N A = 
0. A5) Xm^Ltzm. 2. 38%TmAHymmX 
MiSiL.m^^ y 6 0 fj-fel ij y X L /t . 1 8 6 mJ/ 

cni2 com%M.x\ 0. 3Mm7^ y • ryK • X^-X 
(L/s) n^-ytmm^fz. 
[0 04 6] }X\^X\ ±M<^i^0^ZLXVi^xVi:m:^ 
Uzy'}-3 ym.^mim\ 1 Isiai^r^ffitc J; -5 -C A r 

xn-y ^x.'y^yc^-Lfzt^b. mwj'f^yi^'Jx 

hNPR-82 0 (MttJ) ^|S|^iOF7>fx>yf-y^W 

f|8 

5 giO'-KU t•'r:;^7xy-;^itll (Mw =4 6 00, A 
DR=*^5000a/#) S.ti^'5gcOT^'^yf-;M^ 

7, Mw =11700)^25 s<m\M:t.^Mzmm 

L, §f>d. 5gc7)2, 3, 4, 4' -T-h7tHn 

^ y y" 7 X 7 y i^'ry'-^ 7 h ^ y y - 5 - x/W:;^x 

ypx;^?";!^ (x;^-fiWliS7 0%. PACi:LT) SrJP 



i. X +^H;?i» § ii:^^ „ # /i> ii/i P h \m 0 . 2 
/iin c?)-r7pyi^My7"7y7 ^'/i-ytlFSL/sfl, > 

U3yaM±t2 8 0 Orpm t-^t°y3-M, 100 

?t„ ^:iOl->>.XbcOADR«5A/#T-$>-pfv:. ^ICOl/ 
i>■X^MMS:KrFxdf^-7^—f-'Xr•y^^° (NA = 
0.45) T-E^tLfcft, 2 . 3 8%TMAH7K?flST- 
3imL. ffi^^^y7j<T-6 0#rBTJ yxLfz. 2 1 2niJ/ 
cm2 (/)m%M.X\ 0. 3//m7-f y • 7y K • X^-;^ 

(L/S) A'^-yj&^mt'i^/vi, 

[0047] ^5:V^T^ iiacOiatcLTI/i^'XMrMlli 

u a ymmmtm i >: piat^i^a^: i o t a r 
x^-^'v^ju^yi-yyitztz-b. mw=JT < 7-v i^'x 

hNPR-820 (frffi) i:|5l^(7)H7^x.y^y^''W 

Ml. 

5 gcO^KU f'x;l/7 X y-;HSfll ( Mw =4 300, A 
DR=*^J3 0 0 OA/f^O &l/'5 g(7)ryvyf-/M^ 
U 1/- h / 2 - 1 K n^Jf ^xf-;M y U 1^- h/y 
yy U^UgSfi^l^ls (ffl)iicit=8 8 : 6 : 6, Mw =1 
3 2 0 0) & 2 5 gi7)?LMxf-;WM|L, $ ^>(: 1 - 
65gC02, 3. 4, 4' -xhyt Hodf>-<yy7 

X y y v'T v'-^7 h y y - 5 - x)Vit^-}v:Lx^}V 

(xXx;HbJK7 0%, PACtLT) ^Jq;t-C+^H= 

?if»$l5!:/^« nhfifzVyXYmm^Q. 2m <^fy 
p yr " y y 7" 7 y 7 ^ f -r 31 Ltz'ik. y U 3 yS^ 
±tC2 7 0 Orpm T-y. t°y3- h L, 1 0 0rf9 0^;!'^ 

y. h A D Rfi 4 A/#T'$> -ofz. Z-CnV^XYW^t 
KrFX^>/7l/— fyr-yA" (NA = 0. 4 5 ) t"il 
7feU^^f*\ 2. 3 8%TMAH7j<?MT«L, M^:t 
y7KT- 6 0 #0 y y y t . 193 mJ/cmZ cOE3fefi 

x\ 0. 2 8/xm7^y-ryF • y^-y (l/s) 
A°y-y«i-c-#^c„ 

[0048] J^V^-C\ iia^T) J; 0 (: UT l^i/'y. h SrM^ 

LfvTS/ y -3 ymimmm 1 1 [ai^^r^a^c j; -^t a r 

7> A" -y ^x <y f - y ^ L ;t ^ 6 , :^»l^y T ^ 71/ i^^y^ 

bNPR-820 (MiU) fcPJ#(7)K7^X-yf-y^nt 
gijl 0 

5 gtO;KU h'x;l.7 x J-)Vmm ( Mw = 4 6 0 0 , A 
DR=*«;5 0 0 0A/#) Xt;:"5 g«7)i^yP'V^i^;M 

y y >j i^- b /y y y ij p X h ij ;p/y y y u ;ntss 

■^^ft (IMJ:t= 88: 5:7, Mw =12100)^2 
5gcDlLKx^;Hdf»L, §^>tCl. 5 5gi02, 

3, 4, 4' -rhyt Hpdri^^yy-7xyy£yTV' 
i'yh^yy-A-x)]/Tt^~iV3LX'f}V (xxx/Hbt 

6 5%, PACi:LT) ■^ntx^-'fy^zmm^^tz. m- 
hfifzvyxvmm.'^o. 2^111 cof 7py"y yy7 
yy ^ ;pyT«L;tft, ^ 'J n yS«±f: 2 7 o Orp 
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m T-Xfya-b L. 1 0 0°CT-9 0#Pal^-^ LX 1 

f'XT'y^N" (NA = 0. 45) T«L;^cf*. 2. 
3 8 %TM A H7K{M-C-J|fi L.m:^ >'*T- 6 0 #0 
UyxL/t„ 2 1 2iiiJ/cni2 iO^TSt". 0. 3//m7 

-{y-ryY- x^-x { l/s ) ^-^^-ymmxt 

[0 04 9 3 ±iacOj;dtLTl-->^';^hS:M^ii 

Ltz'y u 3 ysK^MisM 1 1 nm^£^m\:zx a r 

^ A° .y ^ X -y f - y / L^^ i: ^ ^ . »-K v-r ^ 7'U i/'X 
bNPR-820 (Uai) i:|Sl^iOK7>fX-y^y^ 

mi 1 

5 gto^KU ):i~)vy X y-jvmm ( Mw =4 3 o o . a 
DR=l^;3000A/g') SZ/5s^r/'7y^;W^:J' 
U l^- h/;^ ^ ^ U h ^ ^ U/l-M^^S-^ 

ft (*Mi:b=8 5 :7:8.Mw=13600)Sr25 
gc7)?L®x^;WZ?f»L. S'^^iil. 5 5gc7)2, 3, 
4, 4' -f-h^t Kn^>'<yv-7x./>'i^'ry"-^7 
h^y > - 6 -X;l/;^-;lxX;:?.-f;W (XX-fiWk^7 0 
PACi:LT) ^Mx.X-Y^mm^^fz. #^ix 

^ }V ^ X^rm Lfz'ik. >- 'J 3 yW^±.liZ 2 7 O O rpm T- 
xey3-bL. 1 0Q'CX9 0fm<-9LXlum 
W.cr,\y'J7.ymM^Wz. Z.cr)\yi^XY<r)KY)miAk 
/fPXh-^tZ, :i^Ui^'XhmmKrFJ^^i^'?U~ 
'y ( N A = 0 . 4 5) "C'ETfe LTtft. 2.38 

yoTM hwmmx'W^L. ^y^x-e o^fsT u y 

XLfz, 188mJ/cni2 0. 3umy^y 

- ry H ■ ^^-x ( L/s ) j-^^-ymmx'^fz. 
[0 0 50] i^\^x\ ±Mt(^Xo',zbxviyxv^m^ 
Lfzi^') 3 ymimmi i ^ nm^m^^z-i.-^xh r 

A- >y :$^X -y ^y / LfC ^ ^ . :i3I4^i>T ^ 7> 

hNPR-820 (ffitfj) i:|5l^cOK9^x-yf-y/W 

PJl 2 

5gc7)^U-y-;L^y;j1'^-yyi!ll (Mw = 2 3 0 0. A 
D R = 2 0 0 0 k/m RV-' 5gC0^ ^ 9'}V- 
h-^^^U;Hiitfi^|^ (ffl)tib=8 8 : 12, Mw 
= 12700)^25 gcO?L^Xf-;WZ?iMt. $ 
1. 5gi02, 3, 4, 4' — rh^t Hn#i^<yy 

7x7 y i>■7y•-:^ 7h^7y-5 - x;P7}^~;pxxxyi- 
(xxT;HbS7 0%. PACttt) ^Jnx.T+i>(c 

#<i>il/-cL-i/'Xb?i?i^O. 2/zinc7)-r7 

n yi « ^ y 7 7 y 7 /W^ t-r Ji L^>:f* s 'J n y * ^ 
±tC2 5 0 Orpm T-7,t°yr!-b L. 1 0 O'CfQ 0# 

Kr FX^i/>7L— -fXr-yyt (NA=0. 4 5 ) f 



TfeLi^ef*, 2. 3 8%TMAH7M$T-JmL, ffi^^ 
yi\CQbmmyy^Uz. 2 0 5niJ/cin2 cO^^ 

t\ 0. 3/zm5^ y • ry b' ■ x^-x (L/S) 
^'-yt)mm:%fz. 

[ 0 0 5 1 ] »:v^t\ m(ni.^\,z\.xv^J7.ykm^ 

Lfc^ U 3 ym.m\im l i: m^'Sr^^fc i -pT A r 

-xn., ^x -yf-y/LZ-^i: r ri-j^'x 

hNPR-8 2 0 (HUtti) i;[5l^C0F7^X>y^yi?"W 
01113 

SgCOiJ^l/V'-ZUy^K^-y^mil (Mw =2 300, A 
D R= 2 0 0 0 A/# ) at.'^'S gff)J)Vits}V~)V^ 9 9 
U 1^- h/^ ^ ^ U n ~ h U ;l'/^ 9 9^) )Vmm.-^W 
(ffi^= 85:5: 10, Mw =12800)^25 
gOlL^x^;Ut3^jS t , $<^fcl. 6gc02, 3. 

4, 4' -T^7b^'^^v^yy7xyy>''Ty■:^7 

V^/y-6-X)Vt-=^)Vx.x'f)V (x7.T;Ht,:S6 5 
%, PACfcLT) ^MlX+'r^mm'^^fz, %hfl 
tz\y'JXhmW.^O ■ 2>J.m ;7;f7nyTn^ y7"7y7 
^ /l-^ T1F3i L^cm, U 3 ySK±!:; 2 5 0 0 rpm f 
Xtya- h L, 1 0 Or-r-9 0#S^-^' LT 1 
/f Wlx-ixX hMMSr#?t<, ^iOl/i>';^hc7)ADR}i4A 
/BX'h^tz. ic^^v-'J^-hMli^KrFx^Sri^^P- 
-rXT>y^^ ( N A = 0 . 4 5) X-^itLfztk. 2.38 
%T M A H 7l<?i?ST-il t L , fljj ^ 7}- y7j<T" 6 0 ^fal U y 
Xt/So 2 1 OniJ/cni2 OETtfiT, 0. 3}imy4y 

■ ryY- x^-x ( L/S) A-^-y«gt-#/-^, 
[00 52] i5?V^r, ±i5^0J:otLT^i^■xhS:M^fi 
L/ti^ U 3 yW^^mtm 1 fc |5l«^r^ffii: J; A r 
xyN°.y ^x -y ^y ^- Lf^ ; 6 , ;i»vr ^ yi/xx 
hNPR-820 (frtb) |5l^i7)K 9^ x>y^y/B 

glJl4 

5 gco^i/y-;i/y/tC7 7 9mm ( Mw =2 300, A 

DR=20 00A/#) m5s(^Ty'7yt)V^^9 

{m.mt= 80:10:10,Mw=13000)Sr2 
5 g«ILKxf-;W:?§M L, SA>{31. 8g«2, 3, 
4.4' ~f-h7b Ho=iry^yy7x7yi^'ry'^7 
h^7y-5-::^;P;^:::;l'XX-f;P (x7.f-;WliJ^7 0 
%, PACi:LT) &Jni.'C+^tc^»§ii:/i, f#^>tL 
7tki>";^h?M^0. 2/^in <7)T7nyTMy7'7y7 
Jii tTtfi-, X 'J 3 ySM±t: 2 5 0 0 rpm f ' 
Xt°ya- h L, 1 0 0°C-f9 Ofm<~9 LT 1 
JScOl^i^'Xh^MSrtfi^Co ,rwyi/'XbiOADR{i4A 
/WX'h-^tz. Z.<7^VVX hMM^K r FX^S/Vl/- 
-rXT•y^^° (NA = 0. 4 5 ) T-S*L;^^f*, 2. 38 

%TM A H Tk^iMT'ilii L.m^ y-fY-x 6 0 #fJi u y 

XLt'Co 19 0mJ/ciii2 (7)1:3^3; 0. 3^m5-fy 

■ ryY- x^~x (L/S) Ji^~ymmx^tz. 
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[00 53] d:\^''c\ ±mcoxdi,zLxu'jxhim'^ 
bfz=y u 3 >mmmmm 1 1 i5i«=5r¥ffir i -^t a r 

hNPR-820 (Mai) tmmcOYy4x.'yi~y:m 
[00 54] 



^tmm^mmx'con^ ^mm^ t . 7 x y -)]ywm 
m^zhm^mx' f 7 ^ x -yi-ym^mm-ytz^ 



(51) Int. ci. 6 mm^ frnmmm^ 
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